Introduction: Thoracic paravertebral block (TPVB) can improve postoperative analgesia, inhibiting perioperative stress and the inflammatory response. However, whether it can improve early postoperative cognitive dysfunction (POCD) by altering the secretion and expression of serum ADP remains unclear. Aim: To investigate the impact of thoracic paravertebral block combined with general anesthesia (TPVB-GA) on postoperative cognitive function and serum adiponectin (ADP) levels in elderly patients undergoing lobectomy. Material and methods: A total of 120 elderly patients undergoing elective lobectomy were randomly divided into three groups: general anesthesia (GA); TPVB-GA (PG); epidural block combined with general anesthesia (EG). Cognitive function in the three groups was evaluated 1 day before and 7 days after surgery. The serum levels of ADP and S-100β protein were evaluated before anesthesia (T0), 15 min after skin incision (T3), and 7 days after surgery (T5). Results: Cognitive function scores in the three groups decreased by different extents at T5 (p < 0.05); scores in groups PG and EG were higher than those in group GA (p < 0.05). The serum levels of S-100β protein in the three groups at T3 were higher than those at T0 (p < 0.05); however, serum ADP concentrations were reduced (p < 0.05); the serum levels of S-100β protein in groups PG and EG were lower than those in group GA at T3, while serum ADP levels were higher. Conclusions: Thoracic paravertebral block or epidural block combined with general anesthesia can improve early postoperative cognitive function in elderly patients undergoing lobectomy. TPVB-GA demonstrated better effects, which may be related to the secretion of ADP.
Introduction
Thoracic surgery is characterized by extensive trauma, stress response, postoperative pain, and severe systemic inflammatory reactions, which are prone to cause a variety of perioperative complications, especially in elderly patients due to their often frail nature and degenerated physiological function. Postoperative cognitive dysfunction (POCD) is a common complication of thoracic surgery in elderly patients, with a reported incidence of 13% to 47% [1] . The incidence of POCD is closely related to the method and management of surgical anesthesia, as well as to the stress response and the release of inflammatory mediators caused by anesthetics [2, 3] . Appropriate anesthetic management can reduce perioperative stress and inflammatory reac-tions, reduce perioperative complications, and improve patient prognosis. Adiponectin (ADP) is a fat cell-derived hormone protein secreted by adipose tissue. It has several properties, including anti-inflammatory, antioxidant, and glucose-lowering effects, which in turn confer protective effects on cells, tissues, and organs [4] [5] [6] . Studies have reported that ADP can effectively reduce the secretion of central pro-inflammatory factors, protect against cognitive dysfunction, and delay the progression of cognitive impairment [7] . In previous studies, we found that postoperative serum ADP levels in elderly patients undergoing general anesthesia were negatively correlated with the occurrence of POCD [8, 9] .
Thoracic paravertebral block (TPVB) can directly block nerve conduction on the operative side, which helps to improve the analgesic effect and, because, it only blocks the paravertebral nerve, it has little effect on physiological function in the rest of the body [10] . There have been many reports describing its impact on perioperative stress, inflammatory reactions, and postoperative analgesia. However, whether it can improve early POCD by altering the secretion and expression of serum ADP remains unclear.
Aim
The purpose of this study was to evaluate the impact of TPVB-GA on postoperative cognitive function and serum ADP level in elderly patients undergoing thoracoscopic lobectomy, and to provide a reference for the selection of appropriate clinical anesthesia in such procedures.
Material and methods

General information
This study was approved by the Medical Ethics Committee of Dongguan People's Hospital (Lunshen 2017-77); the patients or their guardians provided informed written consent. A total of 120 elderly patients undergoing thoracoscopic lobectomy in the authors' hospital were selected. Inclusion criteria were as follows: age 65-81 years; undergoing elective thoracoscopic lobectomy; American Society of Anesthesiologists grade II or III; and New York Heart Association grade I-II cardiac function. Exclusion criteria were as follows: preoperative Mini-Mental State Examination (MMSE) score < 26 points (1 day before surgery); unable to recognize text in the cognitive function test table; significant respiratory or circulatory system disease, hepatonephric dysfunction, or mental and/or neurological disease before surgery; history of preoperative radiotherapy or chemotherapy, or abnormal coagulation function; antipsychotic or sedative medications, or narcotic analgesics within 2 years of the surgery; history of alcohol abuse or drug dependence; severe vision or hearing impairment or other factors that may result in non-communication with the reviewers; intraoperative blood loss > 800 ml; or surgery time > 3 h. The patients were randomly divided into three groups using a randomized digital table method, with 40 patients per group: general anesthesia (GA); TPVB-GA (PG); and epidural block combined with general anesthesia (EG).
Anesthesia
Each patient was routinely monitored for invasive blood pressure (BP), oxygen saturation (SpO 2 ), electrocardiogram (ECG), and Nactrend depth of anesthesia after entering the operating room, together with establishing intravenous access and undergoing right internal jugular vein catheterization under local anesthesia. All patients underwent dual-lumen bronchial catheterization for general anesthesia, and arterial BP was continuously monitored using transradial catheterization. Group PG underwent ultrasound-guided TPVB [11] before anesthesia induction (Venue50-type ultrasound system, GE Healthcare, USA) for positioning and guidance. The method of T4 point-block and catheterization was selected, followed by injection of 20 ml of 0.25% ropivacaine to determine the block plane for the induction of anesthesia. Group EG underwent epidural block before the induction of anesthesia. After successful puncture at T6-7, 3 ml of 2% lidocaine (initial dose) was administered and, after confirming that the catheter was located in the epidural space, 8-15 ml of 0.375% ropivacaine was intermittently injected, followed by confirming the block plane and starting induction of anesthesia. Group GA underwent direct induction of anesthesia, which involved intravenous injection of midazolam (0.05 to 0.1 mg/kg), etomidate (0.3 mg/kg), sufentanil (0.4 μg/kg), and rocuronium 0.6 mg/kg. After oral dual-lumen endobronchial catheterization and confirming correct positioning of fiberoptic bronchoscopy, volume-controlled ventilation was performed, with a tidal volume of 6-8 ml/kg, ventilation frequency 15 breaths/min, inhalation ratio 1 : 2, and end-tidal carbon dioxide maintained at 30-35 mm Hg. Intraoperative anesthesia was maintained by constant infusion of propofol, remifentanil, and cisatracurium so as to maintain the Narcotrend index at D2-E1. Body temperature was also monitored and maintained at 36°C to 37°C intraoperatively. Intraoperative urine volume, blood loss, and infusion/transfusion volume were also recorded. All groups were administered postoperative intravenous patient-controlled analgesia (PCIA), and analgesic drugs were prepared as follows: 100 μg of sufentanil + 200 mg of flurbiprofen axetil + 8 mg of tropisetron (diluted to 200 ml with saline). The background infusion rate was 2 ml/h, together with a PCIA dose of 2 ml with a lock-out time of 15 min. Each patient assessed the degree of pain using a postoperative visual analog scale (VAS) [12] (0 = no pain, 10 = severe pain) and maintained a VAS score ≤ 3 points.
Hemodynamic monitoring
The mean arterial pressure (MAP) and heart rate (HR) of each patient were measured at different time points: before anesthesia (T0); 15 min after paravertebral or epidural anesthesia (T1); at intubation (T2); 15 min after incision (T3); and pre-extubation (T4).
Assessment of cognitive function
The MMSE, digital symbol test, trail connection test A, word recognition test, and digital breadth test (forward and reverse recitation) [13] were performed 1 day before and 7 days after surgery by a researcher blinded to the grouping allocation to assess cognitive function of the patients in the three groups. The standard deviation of all test scores for each patient before surgery was calculated and compared with scores after surgery. Patients with a mean decrease in score ≥ 1 standard deviation were considered to have experienced cognitive dysfunction after surgery. Patients who exhibited cognitive dysfunction in ≥ 2 tests were considered to have POCD [14] .
ELISA Venous blood (3 ml) was collected at T0, T3, and 7 days after surgery (T5) to assess serum ADP (BL OTANG Inc, Lexington MA, USA) and S-100β protein (BL OTANG Inc, Lexington MA, USA) levels using ELISA.
Statistical analysis
SPSS version 17.0 (IBM Corporation, Chicago, IL, USA) was used for statistical analysis. Measurement data are expressed as mean ± standard deviation. The intragroup comparison used single-factor analysis of variance or multivariate analysis of variance. Inter-group comparisons were performed using the group t-test, and measurement data were analyzed using the c 2 test, with p < 0.05 considered to be statistically significant.
Results
Generation information
Six patients included in this study were lost to follow-up after surgery (1 patient in group GA, 2 in group PG, and 2 in group EG), and 2 patients who developed complications and were transferred to the intensive care unit after treatment (1 patient in group PG and 2 patients in group EG). A total of 112 patients completed the study.
There was no significant difference in age, body mass index, anesthesia time, operation time, or intraoperative blood loss among the three groups (p > 0.05) (Table I) .
Perioperative hemodynamic changes
There were no data for group GA at T0 because epidural or paravertebral block was not performed. Comparing data at T0, MAP and HR in group GA were significantly increased from T2 to T4 (p < 0.05), and MAP in group EG was significantly decreased from T1 to T4 (p < 0.05); however, HR was signifi- cantly decreased from T1 to T3 (p < 0.05). MAP and HR in groups EG and PG were lower than those in group GA from T2 to T4 (p < 0.05), and MAP and HR in group PG were higher than those in group EG from T1 to T3 (p < 0.05) (Table II) .
Cognitive function score
There was no significant difference in cognitive function score among the three groups 1 day before surgery (p < 0.05). Comparing data collected 1 day before surgery, scores from the MMSE, digital symbol test, digital breadth test, and trail connection test A in the three groups 7 days after surgery were reduced (p < 0.05), but there was no significant difference in scores on the word recognition test among the three groups (p > 0.05). Intergroup comparison of the scores from the MMSE, digital symbol test, digital breadth test, and trail connection test A in group GA were lower than in groups PG and EG 7 days after surgery (p < 0.05). These scores in group PG were higher than those in group EG (Table III) .
Incidence of POCD 7 days after surgery
The incidence of POCD in group GA was 18% (7 patients), 7.7% in group PG (3 patients), and 12.8% in group EG (5 patients), with differences that were statistically significant (p < 0.05).
Serum ADP and S-100β protein levels
Serum ADP levels decreased in the three groups at T3 and T5 compared with T0 (p < 0.05); however, serum ADP levels in groups PG and EG were higher than those in group GA at T3 and T5 (p < 0.05). Serum ADP level in group PG was higher than that in group EG at T5. Serum S-100β protein levels were increased in the three groups at T3 and T5 compared with T0 (p < 0.05); however, serum S-100β protein levels in groups PG and EG were lower than those in group GA at T3 and T5 (p < 0.05). Serum S-100β protein level in group PG was lower than that in group EG at T5 (Table IV) .
Discussion
Thoracic surgery is often associated with many perioperative complications and is currently considered to be associated with severe perioperative stress reactions that reduce physiological reserve capacity, cause cytokine imbalance, and increase the inflammatory response [15] . Appropriate analgesia can reduce pain caused by surgical trauma, which in turn reduces the inflammatory response [16] , which is of great significance in reducing perioperative complications and promoting postoperative rehabilitation. Recent studies have reported that local anesthesia can reduce the surgical stress response [17] . Epidural block can adequately control pain; however, its applications are limited due to its impact on perioperative hemodynamics and urinary retention. Recently, ultrasound-guided thoracic paravertebral block combined with general anesthesia has gradually replaced epidural anesthesia for thoracic surgery because of its simplicity, safety, effectiveness, and fewer complications, and is especially suitable for some patients in whom epidural block is difficult.
The results of this study demonstrated that perioperative MAP and HR were significantly increased in group GA, perioperative MAP was significantly decreased in group EG, and HR was significantly diminished. Perioperative MAP and HR exhibited no significant change in group PG, indicating that TPVB-GA had a smaller impact on perioperative hemodynamics. TPVB blocks the body and the sympathetic nerves on the operative side, and inhibits the body's stress response to surgical stimuli. At the same time, it does not interfere with heart function, has only a slight physiological impact on the body, and can maintain hemodynamic stability. The POCD is a common complication after openchest procedures in elderly patients. Currently, there is no uniform standard for the diagnosis of POCD, and assessment is based primarily on neuropsychological tests. This study used 6 cognitive function scales for evaluation, which covered three aspects of cognitive function (except for language) but, nevertheless, accurately reflected cognitive function.
The MMSE is a commonly used method to evaluate cognitive function; the digital symbol test is used to evaluate attention and response speed; the digital breadth test is used to evaluate attention and short-term memory; the trail connection test A is used to evaluate the information processing ability; and the word recognition test is used to evaluate long-term memory. The results of this study demonstrated that in the comparison between group PG and group EG, the scores from the MMSE, digital symbol test, digital breadth test and trail connection test A in group GA decreased 7 days after surgery, indicating that compared with general anesthesia, TPVB or epidural block can significantly reduce postoperative cognitive impairment in elderly patients undergoing thoracotomy. There was no difference in word recognition test scores among the three groups, indicating that anesthesia had no effect on long-term memory. The ADP is an adipocytokine with anti-inflammatory properties. It is abundant in human plasma, and its expression and secretion are regulated by inflammatory factors, reactive oxygen species, transcription factors, and/or hormones, such as tumor necrosis factor-α, interleukin-6, or other inflammatory mediators that can inhibit the expression and secretion of ADP. In recent years, it has been found that the expression of and receptors for ADP are widely present in the pituitary and brain. Moreover, evidence that AdipoR1 exists in the hypothalamus and basal ganglia suggests that ADP may be involved in the central nervous system signaling pathway to control energy balance and higher brain function [18] . De Franciscis et al. [19] found that a significant positive association may exist between serum ADP levels and better cognitive function in postmenopausal women. The change in serum S-100β protein level is a specific indicator reflecting brain injury and cognitive functional changes [20] . The results of this study demonstrated that serum S-100β protein levels in groups PG and EG were significantly lower than those in group GA at T3 and T5, but serum ADP levels in groups PG and EG were significantly lower than those in group GA. The incidence of POCD in groups PG and EG was significantly lower than that in group GA 7 days after surgery, indicating that compared with simple general anesthesia, TPVB-GA or epidural block combined with GA can significantly reduce brain injury and inhibit the inflammatory response in elderly patients undergoing thoracotomy, and can reduce the incidence of POCD 7 days later.
A possible mechanism may be that simple general anesthesia cannot effectively inhibit the stress response of patients undergoing thoracoscopic surgery; therefore, such patients are prone to experiencing severe hemodynamic fluctuations, resulting in inflammatory reactions, increased secretion of inflammatory cytokines, and inhibited expression and secretion of ADP. Furthermore, the intraoperative use of anesthetics varies, especially opioid drugs, which can cause memory and cognitive dysfunction [21] . Epidural anesthesia can block sympathetic nerves in the corresponding segments, block the afferent of nocuous stimuli, reduce the release of catecholamines, and inhibit the stress response caused by surgical trauma. Meanwhile, it also has a direct inhibitory effect on the cardiac sympathetic nerves, thus causing severe intraoperative hypotension and bradycardia, resulting in intraoperative hemodynamic instability. TPVB, however, blocks only the somatosensory nerve of the operative side and has little effect on the body's normal physiology; therefore, its block of the sympathetic nerve that conducts pain is more complete than epidural block, it can effectively inhibit the harmful stress and inflammatory response to maintain stability of the internal environment [22] . Therefore, it can reduce inhibition of expression and secretion of ADP, which may be one of the important mechanisms of such anesthesia in improving postoperative cognitive dysfunction.
Conclusions
The TPVB or epidural block combined with general anesthesia can improve early postoperative cognitive function in elderly patients undergoing thoracoscopic surgery. The TPVB combined with general anesthesia is more effective and may be associated with the expression and secretion of ADP.
